Aim: To evaluate (1) the usefulness of thoracic ultrasound in diagnosis and staging of bronchogenic carcinoma by comparing lesion detectability between thoracic-ultrasound and computed tomography and (2) the outcome of thoracic-ultrasound-guided biopsy in diagnosing bronchogenic carcinoma. Methods: We conducted a cross-sectional study on 53 patients of confirmed bronchogenic carcinoma. All patients had been investigated by thoracic-ultrasound and chest-computed tomography; data regarding the presence of mass (its size, necrosis), lymph nodes invasion, peritumoural atelectasis, consolidations, pleural effusion, chest wall invasion, and paralysis of the diaphragm were recorded. Thoracic-ultrasoundguided biopsy was done for 41 patients. Results: Thoracic-ultrasound had significantly higher detection rate of peritumoural atelectasis, paralysis of the diaphragm, and supraclavicular lymph nodes invasion, while it has significantly lower detection rate of pulmonary masses and mediastinal lymph nodes invasion than computed tomography. It has nonsignificant higher detection rate of pleural effusion, consolidations, chest wall invasion and necrosis within mass than computed tomography. Thoracic-ultrasound detects static air-bronchogram and/or fluid bronchogram in 53.3% of bronchogenic carcinoma-associated consolidation. Thoracic-ultrasound-guided biopsy revealed positive yield in 78.0% (32/41) of patients. All patients with negative thoracic-ultrasound biopsy had mass size >5 cm with necrosis within the mass. Self-limited complications occurred in 26.8% after thoracic-ultrasound-guided biopsy (haemoptysis 22.0%, pneumothorax 2.4% and subcutaneous emphysema 2.4%). Conclusion: Thoracic-ultrasound has a significant complementary role to computed tomography in diagnosis and staging of bronchogenic carcinoma. Thoracic-ultrasound-guided biopsy revealed good positive yield (78%), its yield was negatively affected by mass size and necrosis. It is a simple, practical and accurate procedure without significant patients' risks.
Introduction
Bronchogenic carcinoma is an important and widespread disease that constitutes a major health problem worldwide. It kills over one million people per year. 1 Lung cancer is usually suspected in individuals who have abnormal chest radiography (CXR) or have symptoms of either local or systemic metastasis of the tumour. The diagnostic methods of lung cancer depend on the type, size and location of the primary tumour, the presence of metastasis, the overall clinical status of the patient and the anticipated treatment plan. 2 Histopathologic examination is regarded as the reference standard for diagnosis of focal lung bronchogenic carcinoma. 3 Imaging techniques play a crucial role in the diagnosis, staging and follow-up of patients with lung cancer. 4 Computed tomography (CT) scanning of the chest can provide information regarding the location of the tumour, its proximity to local structures, and whether or not lymph nodes (LN) in the mediastinum are enlarged. 5 CT is still the imaging method of choice for the diagnosis of thoracic pathologies, 6 however, it is of high cost, utilizes ionizing radiation, and there is a risk of contrast agents nephrotoxicity. 7 Thoracic ultrasonography (thoracic US) can be considered an important supplementary tool in this setting. 6 Although numerous studies have been conducted on the use of thoracic US for the examination of thoracic structures, it is not as widely accepted as abdominal US. 6 Ultrasonography is considered a reliable, inexpensive, safe and reproducible diagnostic method for the workup of a variety of thoracic diseases including of the diaphragm, thoracic wall, lung, anterosuperior mediastinum and the pleurae. 8 Recently, thoracic US has gained increasing interest in the evaluation of peripheral pulmonary lesions abutting the pleura. 9, 10 The parenchyma of normally aerated lungs is not visualized by thoracic US; therefore, the central lung tumours are not amenable to thoracic US. However, central lung tumours may cause peritumoural atelectasis and/or post-obstructive pneumonitis which can be detected by thoracic US, 11 as fluid bronchograms (FB). 12, 13 Although chest CT-scan examination can determine the stage of lung cancer, real-time high-resolution thoracic US examination has proven superior to the chest CT-scan in the detection of tumour invasion of pleura and chest wall. 14 Imaging-guided percutaneous thoracic US biopsy is a well-established effective and safe minimally invasive technique to obtain sufficient tissue specimens for histopathologic diagnosis of different intrathoracic lesions. 15 Percutaneous biopsy yields tissue samples for diagnosis and staging and facilitates differentiation of primary cancer from distant metastasis or infective and inflammatory lesions, which is crucial for correct management of lung lesions. 16 Today, thoracic US is widely used to guide transthoracic biopsy of peripheral lung lesions. 17 Sonography is considered as effective as CT-guidance in sample accuracy of peripheral lung lesion and mediastinal lesion, 3 with the advantages of lower cost, lack of exposure to ionizing radiation, shorter procedure time and lower rates of post-procedural pneumothorax. 18, 10, 19, 20, 3 Additionally, the use of thoracic US in the detection and sampling of patients with supraclavicular LN invasion in patients with suspected lung cancer is a promising technique; that revealed both a cytological diagnosis and pathological N3 staging. 21 Finally, ultrasonography permits immediate bedside identification of post-procedural complications, e.g. pneumothorax. 20 Regardless of these advantages, the use of US in malignant lesions of the thorax is still low; in many centres, the CT-guided biopsy is preferred. 19 In the current literature, there are no typical patterns of lung neoplasm on US or any other imaging technique. This study was carried out to evaluate (1) the usefulness of thoracic US in diagnosis and staging of bronchogenic carcinoma by comparing lesion detectability between thoracic US and chest CTscan and (2) the outcome of thoracic US-guided biopsy in diagnosing bronchogenic carcinoma.
Methods

Patient selection
This cross-sectional study was conducted in the period from June 2015 to November 2016. It was carried out at chest diseases department, Al-Zahraa University Hospital, Cairo, Egypt. It included 53 patients with histopathologically confirmed bronchogenic carcinoma out of 79 patients having clinical and/or CXR findings suggestive of bronchogenic carcinoma ( Figure 1 ). Demographic data (e.g., age, sex, smoking history and smoking pack/year (number of packs smoked per day multiplied by the number of years), laboratory data (e.g., platelets count and coagulation profile (international normalization ratio (INR)), main presenting symptoms and chest radiographic findings were tabulated in Table 1 . This study was done according to the principles outlined in the Declaration of Helsinki. Every participant gave informed written consent before enrolment into the study and he/she had the right to refuse participation or withdraw from the study at any point without affecting their rights in management. All the data were coded to ensure confidentiality. The majority of the studied cases (83.0%) were male with a mean age (56.7 AE 8.8 years). Around three-quarters (73.6%) were smokers with mean smoking pack/ year of 22.7 AE 20.0. More than half of the studied cases (52.8%) had chronic obstructive pulmonary disease (COPD) and 11.3% had diffuse parenchymal lung diseases (DPLD). Among the studied patients, 30.2% had adenocarcinoma, 30.2% had squamous cell carcinoma, 28.3% had large cell carcinoma and 11.3% had small cell lung cancer (SCLC).
. Thoracic US examination:
. The procedure has been done by the three pulmonologist authors (MRH, ESMS, and SBE), they have four years experience in thoracic US. The thoracic US operator was blinded to the CXR findings, as the author who selects patient to the study did not perform thoracic US examination for that patient. Sonoscape SSI-6000 Medical Systems (Shenzhen, China) with probes of different frequencies were used to examine the chest; a curvilinear transducer (3-5-MHz) was used initially for examination of the lungs. Both thoracic US and chest CT-scan examinations were done on the same day, thoracic US was done first followed by chest CT-scan. The following findings were reported: (1) Mass: its size, presence of necrosis, borders (regular or irregular) and the echogenicity. Necrosis was defined as anechoic area inside clear boundaries lesions, in addition to the absence of blood flow by colour Doppler. 19 (2) Presence of consolidations: airbronchogram (AB); static vs. dynamic, FB, and whether a sharp demarcation could be visualized between the mass and distal consolidation. AB was seen as punctiform or linear hyperechoic artifacts within the consolidation. If AB moved !1 mm with inspiration it is dynamic, if not it is static. Dynamic AB is likely due to pneumonia, while static AB makes atelectasis more likely. When the bronchial tree is filled with fluid rather than air, a branching pattern of anechoic or hypoechoic tubular structures are seen (FB). 22 (3) Peritumoural atelectasis was demonstrated as areas of parenchymal consolidation, with a triangular shape and the apex towards the hilum associated with an obstructive tumoural nodule. 19 (4) An associated pleural effusion is identified as echo free space with posterior acoustic enhancement. Swirling sign is seen as numerous, floating, echogenic particles within the effusion that swirl in response to respiratory or cardiac movements. 23 (5) Chest wall infiltration: the examination was completed with a 9.5-15 MHz linear transducer, all layers of the chest wall; muscle, fascia, parietal and visceral pleura are identified with TUS. 14 Chest wall infiltration is suspected if: (1) the tumour-pleural contact >3 cm, (2) the angle between the tumour and the lung surface is obtuse and (3) the adjacent pleura are thickened. Absent sliding sign (backward and forward movement of parietal and visceral pleura over each other) indicates parietal pleural invasion. 24 (6) Assessment of the diaphragm: using M-mode, a low-frequency probe placed in the anterior axillary line at the costal margin and directed upward and dorsally with the directional marker cephalad. 4 With this technique, a normal diaphragm will contract caudally, paradoxical movement indicates diaphragmatic paralysis. 25 (7) Assessment of lesion vascularity: in malignant tumours, vessels are displaced, being frequently detected at the margin of the tumour, having a spiral or bizarre shape, with variable diameters. 26 Contrast enhanced chest CT-scan: The scan was done by using multidetector scanner (160 detectors) (Toshiba, Prime Aquilion Japan). The scans were obtained in the supine position and during full inspiration. Chest CT-scanning was performed from the lower part of the neck to the adrenal gland. Scanning parameters of CT examinations were as follows: slice thickness 5 mm, slice interval 0.5 mm, collimation 2.5 mm, scan time 3.9 seconds, feed/rotation 15 mm. A scout was taken with 120 kV and 100 mA, then helical scanning in caudocranial direction to minimize the respiratory artifacts was done. All scanning was performed after intravenous (IV) administration of contrast agent. In our hospital, all chest CT-scans were reported routinely by an experienced radiologist. Additionally, for this study, the three pulmonologist authors interpreted the chest CT-scan separately and when there is conflict a consensus was held with the radiologist.
In many cases, multiple types of abnormalities were detected, e.g. mass and peritumoural atelectasis, mass and effusion and intratumoural necrosis and peritumoural atelectasis. The data obtained by thoracic US were compared with those from the chest CT-scan, which was considered the reference method. The supraclavicular LN are located above the manubrium, lateral to the medial edge of the common carotid artery, and medial to the clavicle. We defined adenopathy as LN with round shape and short axis !5 mm on CT or US, with no significant echogenic nodal hilum on sonography. 27 . Biopsy techniques: A. Thoracic US-guided biopsy Forty-one out of 44 patients (93.2%) with lung mass detected by thoracic US examination were subjected to thoracic US-guided biopsy by using automatic disposable soft tissue 16-gauge tru-cut biopsy needle with 20 mm sample notch (Medplus Inc OSMUNDA Medical Device Service GmbH; Keithstr, Berlin, Germany). The puncture site with pleural contact was identified and marked then the direction and the depth of insertion were recognized. A liberal amount of local anesthesia (lignocaine 1%) was infiltrated to provide maximal patient comfort during the procedure. All procedures were subsequently performed with 'freehand technique'. The needle was inserted over the top of the rib to avoid the neurovascular bundle injury, and it was advanced just to the nearest border of the lesion. The number of specimens was decided on the basis of the quality of the tissue sample evaluated by the thoracic US operator, on average three to five biopsies. Biopsies were directly immersed in formaldehyde (4%) and sent for histopathological examination. Total procedural time was about 30 minutes. The chest was re-examined by thoracic US immediately after the procedure, and a CXR was obtained after 6 hours or immediately after the procedure if the pre-and post-procedure thoracic US findings differed. All patients were observed for 24 hours after the procedure. The presence or absence of haemoptysis, pneumothorax, and subcutaneous emphysema were recorded. US-guided biopsy of supraclavicular LN was done for four patients in addition to thoracic US-guided lung biopsy.
B. CT-guided or bronchoscopic biopsy
Patients whose lesions were not accessible by thoracic US (n ¼ 15), and those with indefinite thoracic USguided biopsy yield (n ¼ 9), subjected to either CT-guided biopsy (n ¼ 10) or fibreoptic bronchoscopic (FB) biopsy (n ¼ 14) (Figure 2 ), which was conducted as soon as the histopathological results of thoracic US-guided biopsy became available (on average 5 days).
Statistical analysis
Data were statistically analyzed by using SPSS version 17 for windows. Data were expressed as mean AE SD for quantitative variables and as frequencies and percentages for qualitative variables. Chi-square-test (X 2 ) and Student's t-test were used for comparison between the two imaging modalities. Statistical significance was considered at p value < 0.05 (with a confidence limit at 95%). Table 2 demonstrates that thoracic US had a significantly higher detection rate of peritumoural atelectasis, paralysis of the diaphragm and supraclavicular LN invasion than chest CT-scan. It had lower detection rate of pulmonary masses and mediastinal LN invasion than chest CT-scan; also the size of masses detected by thoracic US was nonsignificantly lower than that detected by chest CT-scan. Thoracic US had a high but nonsignificant detection rate of necrosis within the mass, pleural effusion, consolidations and chest wall invasion compared to chest CT-scan. Moreover, thoracic US detected static AB and FB in 53.3% of associated consolidation, and it detects swirling sign in 25% of pleural effusion. Figure 3 shows that thoracic US-guided biopsy was done for 41 (77.4%) patients; positive results were obtained in 32 patients (78.0%), and negative in nine patients (22.0%). Table 3 demonstrates that all bronchogenic carcinoma patients with negative thoracic US-guided biopsy yield had significantly higher mass size !5 cm (10.8 AE 2.2 cm vs. 6.8 AE 2.6 cm; p ¼ 0.001) and necrosis within the mass (66.7% of patients vs. 40.6%; p ¼ 0.001). The presence of consolidations, peritumoural atelectasis, chest wall invasion and histopathological types of bronchogenic carcinoma did not affect the yield of thoracic USguided biopsy. Figure 4 shows that only 22% of patients developed haemoptysis, 2.4% developed pneumothorax, and another 2.4% developed subcutaneous emphysema post-thoracic US-guided tru-cut biopsy. Figures 5, 6 and 7 show CXR, chest CT-scan and thoracic US of three studied patients.
Results
Discussion
Thoracic US has become a valuable diagnostic aid for respiratory physicians and is increasingly being used to guide interventional procedures. 28 Tissue sampling for histopathological examination was obtained via thoracic US-guided biopsy in 32 patients, bronchoscopy in 12 patients and CT-guided biopsy in nine patients. Histopathological examination revealed that the most common types of bronchogenic carcinoma among our patients were squamous cell carcinoma and adenocarcinoma (30.2% each) followed by large cell carcinoma (28.3%) and SCLC (11.3%). A similar distribution of pathological classification of bronchogenic carcinoma in Egyptian patients was reported by Abu-Youssef et al. 29 Santos-Martı´nez et al. 30 reported that the most common histological types were squamous cell carcinoma (33%) and adenocarcinoma (30%). In another study by Rawat et al. 31 reported that squamous cell carcinoma was the most common cell types (44.8%) followed by adenocarcinoma (19.7%) and SCLC (16.75%).
Our study demonstrated that thoracic US has a significantly lower detection rate of pulmonary masses compared to chest CT-scan (83.0% vs. 100.0%, p ¼ 0.002), the remaining patients had no US window to the lesion as they had either central lesions or lesions behind ribs. The mass size was nonsignificantly lower in thoracic US than chest CT-scan (5.96 AE 2.90 vs. 6.39 AE 3.79, p ¼ 0.51), therefore, US might be able to distinguish tumour from its secondary effects, e.g. consolidations and/or peritumoural atelectasis. Islam and Tonn 14 postulated that peripheral lung tumours can be detected by US as long as the tumour is attached to the pleura. A similar lower US detection rate for pulmonary masses (62%) had been reported by Abu-Youssef et al. 29 The current study demonstrated that thoracic US was significantly superior to chest CT-scan in detection of peritumoural atelectasis (56.6% vs. 30.2%, p ¼ 0.006), with nonsignificantly higher detection rate of consolidations (28.3% vs. 18.9%, p ¼ 0.17). Thoracic US can differentiate between consolidations due to simple pneumonia from that of post-obstructive pneumonia by visualization of static AB and/or FB (53.3%). Similar results reported by Abu-Youssef et al. 29 documented that there was a statistically significant difference between thoracic US and chest CT-scan in detecting consolidation and/or peritumoural atelectasis. However, Chira et al. 19 reported that the thoracic US is inferior to chest CT-scan in detection of peritumoural atelectasis (33 vs. 38) , while it was superior to chest CT-scan in detection of necrosis within mass (87.71% vs. 72.8%).
Regarding the nodal involvement, our study revealed that thoracic US was superior to chest Figure 2 . Algorithm for biopsy procedures used to diagnose bronchogenic carcinoma in the study. This figure demonstrates that 53 patients enrolled into this study were subjected to chest CT-scan with IV contrast. Based on CT-scan findings they underwent tissue biopsy; thoracic US-guided biopsy (n ¼ 38), bronchoscopic biopsy (n ¼ 11) and CT-guided biopsy (n ¼ 4). Patients that showed indefinite diagnosis by either bronchoscopy (n ¼ 2) or CT-guided biopsy (n ¼ 1) were added to patients subjected to thoracic US-guided biopsy summed up to 41; out of them 32 confirmed to have bronchogenic carcinoma by thoracic US-guided biopsy, while the remaining were confirmed to have bronchogenic carcinoma either by CT-guided biopsy (n ¼ 6) or bronchoscopic biopsy (n ¼ 3). TUS: thoracic US, CT: computed tomography; US: ultrasound. CT-scan in detecting supraclavicular LN invasion (N3) (20.8% vs. 11.3%; p ¼ 0.002) and inferior in the detection of mediastinal LN involvement (11.3% vs. 35.8%; p ¼ 0.003). Ultrasonography-guided biopsy of supraclavicular LN was done for four patients and revealed positive results. These findings denote that thoracic US has an important role in bronchogenic carcinoma staging that precludes unnecessary surgical intervention. The limited ability of thoracic US to detect mediastinal LN invasion is due to the fact that the mediastinal compartment is potentially hidden to thoracic US. The lower detection rate of supraclavicular LN invasion by CT-scan could be attributed to the incoming artifact from the contrast agent in the venous system which severely obscures the visualization of supraclavicular LN. 32 Previous studies documented that US has higher sensitivity in detecting supraclavicular LN than both CT-scan 33 and clinical examination. 29 Another study reported that 12-31% bronchogenic carcinoma patients have sonographically detected supraclavicular LN metastases at the time of presentation. 34 Almost 50% of bronchogenic carcinoma patients with mediastinal adenopathy on CT-scan have supraclavicular LN metastases. Therefore, in the presence of mediastinal adenopathy in suspected or known bronchogenic carcinoma, even when supraclavicular LN are not shown on CT-scan, it is recommended to investigate further with US. 27 Our study revealed that thoracic US nonsignificantly detected cancerous invasion into the pleura and chest wall for bronchogenic carcinoma staging better than chest CT-scan (20.8% vs. 11.3%, p ¼ 0.18). This is due to the fact that all layers of chest wall have different acoustic impedance and consequently different tissue interfaces that increase the ability of US to differentiate between them. This nonsignificant difference between thoracic US and chest CT-scan in the detection of chest wall invasion is because three of our patients had posterior chest wall invasion located behind the scapula which is difficult to detect with thoracic US. In the same context previous studies documented that the thoracic US had higher sensitivity and specificity for detection of pleural and chest wall invasion than chest CT-scan. 14, 19, 29, 35, 36 We found that the thoracic US had a higher but nonsignificant detection rate of pleural effusion compared to chest CT-scan (60.4% vs. 43.4%; p ¼ 0.08). Swirling sign was detected by thoracic US in 25% of patients with pleural effusion. Similar results reported by Abu-Youssef et al. 29 and Kurian et al. 37 found that thoracic US was comparable to chest CT-scan in the detection of pleural effusion. Chian et al. 23 reported that the presence of the 'swirling pattern' is strongly predictive of a malignant pleural effusion.
The overall thoracic US-guided biopsy diagnostic yield in our study was 78.0% (32/41), which is lower than that reported in previous studies. 2, 3, 18, 20, [38] [39] [40] [41] [42] All patients with negative thoracic US-guided biopsy yield had mass size !5 cm with significant necrosis within the mass compared to those with positive yield (66.7% vs. 40.6%, p ¼ 0.005). Therefore, the lower diagnostic yield encountered in our study could be attributed to larger mass size and tissue necrosis. This finding is further supported by histopathological examinations of these patients that revealed non-specific inflammation and necrosis. Other studies concluded that the main cause of false-negative results for malignancy was extensive necrosis 3, 39 and lesion size. 41 However, Scisca et al. 43 reported that the tumour size did not affect the diagnostic outcome.
The post thoracic US-guided biopsy complications in our study (haemoptysis 22%, pneumothorax 2.4% and subcutaneous emphysema 2.4%) were trivial and self-limited within 24 hours without intervention. The lower rate of pneumothorax, encountered in this study is due to the wall contact of the tumoural masses as well as large sizes of the lesions. Therefore, thoracic US-guided biopsy is a safe and, well-tolerated procedure for the patients even those with reduced pulmonary reserve as 52.8% of our patients had COPD and 11.3% had DPLD. Previous studies reported similar results documenting infrequent complication rates of thoracic US-guided biopsy. Haemoptysis and pneumothorax are the most frequent complications of transthoracic needle biopsy and are mostly mild and self-limiting. 18, 38, 39, [42] [43] [44] 
Conclusions
Thoracic US had a significantly higher detection rate of peritumoural atelectasis, paralysis of the diaphragm, and supraclavicular LN invasion; while it had a lower detection rate of mediastinal LN invasion and pulmonary masses compared to chest CT-scan. Moreover, bedside percutaneous thoracic US-guided biopsy performed by pulmonologists had a good positive yield (78%) beside it is a safe, accurate, practical and effective procedure for obtaining biopsy for diagnosis of bronchogenic carcinoma. Thoracic US has a complementary role to chest CT-scan in diagnosis and staging of bronchogenic carcinoma. Therefore, we recommend the use of thoracic US examination and thoracic US-guided biopsy in the diagnostic workup of suspected bronchogenic carcinoma, especially if peripherally located.
